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COMPARISON ANALYSIS OF FOAMED ASPHALT MIXTURE USING 
RECLAIMED ASPHALT PAVEMENT COMPACTED BY SLAB ROLLER 




Pemadatan adalah proses yang mana partikel-partikel solid dirapatkan sehingga 
volume rongga dalam campuran mengalami kepadatan yang meningkat. Tujuan 
penelitian untuk menganalisis perbandingan hasil orientasi agregat dan distribusi 
void yang dipadatkan menggunakan alat pemadat roller slab dan Marshall hammer. 
Penelitian menggunakan metode eksperimen dengan melakukan variasi jumlah 
lintasan dan tumbukan yang berbeda-beda untuk mencari hasil orientasi agregat dan 
distribusi void. Material yang digunakan dalam penelitian ini pencampuran antara 
RAP dan foam asphalt untuk pembuatan benda uji. Hasil pengujian orientasi 
agregat pada alat pemadat roller slab bagian atas batu berpindah signifikan 
dibandingkan dengan alat pemadat Marshall. Pada bagian tengah dan bawah alat 
pemadat roller slab batu bergeser karena mengikuti arah gerak gilasan roda 
sehingga batu yang awalnya diatas dapat berpindah dan mengisi ke bawah dan 
samping. Alat pemadat Marshall hanya terjadi penurunan karena bekerja statis. 
Hasil pengujian distribusi void utuh alat pemadat roller slab pada lintasan awal 
menghasilkan VIM 14,24 %, alat pemadat Marshall 14,68 %. Pada fase berikutnya 
alat pemadat roller slab menghasilkan VIM 13,53 %, alat pemadat Marshall 
menghasilkan VIM 13,72 %. Pada fase terakhir alat pemadat roller slab 
menghasilkan VIM 12,58 % dan alat pemadat Marshall menghasilkan VIM 
12,01%. Hasil penelitian distribusi void benda uji yang dipotong tiga bagian pada 
alat pemadat roller slab fase sepertiga menghasilkan VIM bagian atas 13,03 %, 
14,46 %, dan 15,48 %, alat pemadat Marshall 14,52 %, 13,72 %, dan 13,35 % . 
Fase dua pertiga alat pemadat roller slab menghasilkan VIM 12,16 %, 13,74 %, dan 
14,13 % sedangkan pada alat pemadat Marshall 12,91 %, 12,44 %, dan 12,09 %. 
Fase terakhir alat pemadat roller slab menghasilkan VIM 11,28 %, 12,45 %, dan 
13,42%, alat pemadat Marshall 11,51 %, 11,08 %, dan 11,00 %.  
Kata Kunci: Roller Slab, Marshall, Reclaimed Asphalt Pavement, Foam Asphalt, 




Compaction is the process by which solid particles are pressed together so that the 
volume voids in the mixture experiencing increased density. The aim to research to 
analyze te aggregate results of the orientation and distribution of voids were pressed 
using a slab roller and Marshall hammer to comparison aggregate orientation and 
void distribution. The study used an experimental method by varying the amount of 
passing and collision different to search result aggregate orientation and void 
distribution. The material used in this study between the foam asphalt and 
reclaimed asphalt pavement for the manufacture of test specimen. The test results 
aggregate orientation slab roller compactor at the top, the rock moved significantly 
compared to the Marshall hammer. In the middle and bottom slab roller compactor, 
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the rock shifted due to follow directions so that the stone was originally above 
could move down and to the side. Marshall compactor is only reuced due to static 
work. The test results void distribution intact slab roller compactor at the beginning 
of the track resulted in VIM 14.24%, compactor Marshall 14.68%. In the next 
phase the slab roller compactor to produce VIM 13.53%, Marshall compactor 
produce VIM 13.72%.In the last phase of the slab roller compactor to produce VIM 
12.58% and Marshall compactor produce VIM 12.01%. Distribution of research 
results void test specimen was cut into three parts on a slab roller compactor to 
produce a third phase VIM top 13.03%, 14.46% and 15.48%, Marshall compactor 
14.52%, 13.72% and 13.35%. Phase two thirds slab roller compactor to produce 
VIM 12.16%, 13.74% and 14.13%, while the Marshall compactor 12.91%, 12.44% 
and 12.09%. The last phase of the slab roller compactor to produce VIM 11.28%, 
12.45% and 13.42%, Marshall compactor 11.51%, 11.08% and 11.00%. 
Keyword: Slab Roller, Marshall Hammer, Reclaimed Asphalt Pavement, Foam 
Asphalt, Void Distribution, Orientasi Agregat 
 
1. INTRODUCTION 
Road material is a mixture of aggregate and binder material to support and 
serve the traffic load on roads in order to facilitate land transportation.The process 
of pavement manufacture is influenced by several aspects. Based on the binder 
material pavement can be divided by two types, flexible pavement and rigid 
pavement (Mannering a Wasburn, 2013). Pavement type selection depends on the 
subgride condition. Rigid pavement commonly used in basic soil conditions that 
have a lower carrying capacity. To achieve the desired strength of the mixture of 
aggregate and asphalt on the pavement must have a density in accordance with 
specifications. 
Foam asphalt is a mixture of air, water and asphalt that was mixed with a 
certain composition. Foam asphalt is produced by injecting water into the hot 
asphalt in the foaming chamber. Foam asphalt can be used as the stabilizer material 
for almost all kind of materials. 
During awareness of many people about the conservation of nature and the 
environment,material pavement which has been damaged nowadays people has 
begun to be used with unearthed and destroyed into a kind of aggregate that will 
produce a binder content which is called by RAP (Reclaimed Asphalt Pavement). 
The compaction is process by which solid particles are obtained by 
mechanically so that the volume of the cavity in the mixture decreases and 
  3 
 
compaction mixture increases also organize the distribution of aggregate particles 
into the aggregate mixture resulting optimal configuration to get the compaction 
that was targeted. The Compactor can be said good when it is capable of 
distributing the load leveling vertically or horizontally. In this case we can see 
when the compaction of asphalt mixture can produce void distribution and 
orientation of the aggregate good. 
Compaction of asphalt concrete when using a tandem roller by means 
passing. For the compactor which used in this final project is a slab roller 
compactors and Marshall hammer. This tool has a compaction system resemble 
roller tandem which the compaction is obtained by passing and Marshall hammer 
which the compaction is obtained by blows. 
2. METHOD 
Research use the foam aphalt and material of reclaimed asphalt pavement coming 
from Comal, Pekalongam, Central Java in internode Pantura.In this research 
mixture of foam asphalt and reclaimed asphalt pavement will be compacted by slab 
roller and Marshall hammer with the variation of passing and blows which different 
each other to look for the movement aggregate orientation and void distribution. 
3. RESULTS AND DISCUSSION 
3.1 Examination of Material Quality 
In this research RAP (Reclaimed Asphalt Pavement) obtained from the 
waste pantura Pekalongan, Comal, Central Java, which was then taken to the 
Laboratory of Civil Engineering Universitas Muhammadiyah Surakarta to be 
examined in order to determine the material quality of the material which is used 
to qualify the specification or not. The research results can be seen in Table 1, 2, 
and  3 as follows: 
Table 1 Examination Results Aggregate Coarse RAP 
No Analysis Type Unit Spesificaton Result 
1 Abrasi Los Angeles % Max. 40 23,15 
2 Apparent specific gravity - > 2,50 2,12 
3 Absorbtion % < 3 1,41 
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Table 2. Examination Fine Aggregate RAP 
No Analysis Type Unit Spesificaton Result 
1 Apparent specific gravity - > 2,50 1,98 
2 Absorbtion % < 5 2,24 
3 Sand Equivalent % > 50 92,77 
Table 3. Sieve Analysis 
CA MA FA 
25% 25% 50% 
 
3.2 Examination RAP density and RAP absorbtion 










(5-10 mm) (<5 mm) 
Bulk Density 2.06 2.10 1.89 
gr 




2.12 2.16 1.98 
gr/cc 
Absorbtion 1.41 1.22 2.24 
% 
RAP specific gravity test results in Table V. 4 RAP fine gradation >5 mm most 
absorption. Apparent density have the greatest value. Similarly, the specific gravity 
and density SSD bulk that RAP medium with gradations between 5-10 mm larger 
than the RAP coarse and fine RAP. 
3.3 Examination of Aggregate Gradation 
Examination of filter gradation done to determine the distribution of the grain 
aggregate between fine aggregate and coarse agregate. Examination of aggregate 
coarse and fine aggregates is done using a sieve. In this study using AC gradation 
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as the gradation is commonly used in Indonesia. The test results sieve size and 
specifications can be seen in Table 5 and Figure 1. 




Figure1. Engineering graph gradation of RAP 
Based on the results of checks on gradation RAP, RAP is used already in the 
specifications where the AC line on the graph used in between the upper 
specification limit and lower specification limits. 
3.4 Density Examination of Reclaimed Asphalt Pavement 
Examination of conducted to determine the minimum value of the density 
characteristics of the optimum moisture content of the mixture. Aggregates used in 
this study is a RAP (Reclaimed Asphalt Pavement). Aggregate RAP (Reclaimed 
Asphalt Pavement) has been engineered with gradations AC-WC. Examination of 
carried out by way of modified proctor, the results of the examination are shown in 
Table 6and Figure2. 
  6 
 
Table  6. The results of examination with modified proctor density RAP 
No Material Maximum density Optimum Water Content 
1 RAP 1,625 gr/cm
3
 8 % 
         
 
Figure2. Density Graph Reclaimed Asphalt Pavement 
Compaction conducted found a graph similar to Figure V. 2, above that reclaimed 
asphalt pavement has a maximum density value(1,625 gr/cm
3
)and the optimum 
water content (8%). 
3.5 Void Distribution Analysis 
3.3.1 Test specimen in one piece slab roller and Marshall hammer 
In this research reclaimed asphalt pavement compacted using a roller compactor 
slab and Marshall. Formwork used in this slab roller compactor sized 30 cm x 29 
cm x 8 cm and 3 variations in passing that is 15, 30, and 45 and the Marshall 
hammer tool uses three variations also for compacting namely 2 x 25, 2 x 50, and 2 
x 75. Result VIM, VMA, and VFWA can be seen in Table 7 – 12 : 
Table  7. Results VIM values intact slab roller compactor 
Number of VIM (%) 
Passing 1 2 
15 14,43 14,06 
Average 14,24 
30 13,69 13,36 
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Average 13,53 
45 12,83 12,34 
Average 12,58 
Table 8. The results of the VIM intact Marshall compactor 
Number of VIM 
Blows 1 2 
25 14.32 15.04 
Average 14.68 
50 13.52 13.92 
Average 13.72 
75 11.80 12.22 
Average 12.01 
 
 The more the number of passes it into a smaller VIM value obtained. This is 
because more and more passing and impact, but given the increasingly dense layer 
and the closer the air cavity.  
Table 9. Results VMA values intact slab roller compactor 
Number of VMA 
Passing 1 2 
15 19,30 18,95 
Average 19,13 
30 18,61 18,29 
Average 18,45 
45 17,79 17,33 
Average 17,59 
 
Table 10. Results VMA values intact Marshall compactor 
Number of VMA 
Blows 1 2 
25 19,20 19,88 
Average 19,54 
50 18,44 18,82 
Average 18,63 
75 16,82 17,22 
Average 17,02 
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VMA is a cavity volume of air contained in dense asphalt concrete. VMA will 
increase if the blanket thicker than asphalt.From Table9and 10 shows that the larger 
passing, then the value of the smaller VMA. This is due to each additional the 
passing will lead to a mixture of the closer, so that the cavities filled by asphalt.  
Table 11. Results VFWA values intact slab roller compactor 
Number of VFWA 
Passing 1 2 
15 25,47 26,03 
Average 25,75 
30 26,63 27,19 
Average 26,91 
45 28,13 29,05 
Average 18,59 
 
Table 12. Results VFWA values intact Marshall compactor 
Number of VFWA 
Blows 1 2 
25 25,62 24,54 
Average 25,08 
50 26,93 26,27 
Average 26,60 
75 30,11 29,27 
Average 29,69 
 
VFWA is empty air cavity volume occupied by asphalt. From Table 11and 12 
shows that the larger passing is given, then the greater the value VFWA. This is due 
to each additional the passing will lead to a mixture of the closer, thus diminishing 
cavities. In the graph it can be concluded that the compaction using Marshall will 
be more compact than using a slab roller for the given pressure more Marshall large 
and evenly so that are smaller and closed. 
3.3.2 The test specimen was cut into 3 parts slab roller and Marshall hammer 
a. Slab roller 
In this study, the test specimen was cut into three parts, the top, middle, and bottom 
to determine the spread void. based on Figure 3 -5 shows the value of a void, a 
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value VIM, VMA, and value VFWA the top, middle and bottom of each passing as 
follows: 
 
Figure 3. Section variation relationship with VIM 
 
Figure 4. Section variation relationship with VMA 
 
 
Figure 5. Section variation relationship with VFWA 
On passing 15, 30, and 45 most highest compaction process is a process of 
compaction on 45 passing, the highest density at the top because the top of passing 
roller continuously exposed so that more passing are provided at the top surface of 
the closer. 
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b. Marshall hammer 
In the Marshall compactor as well as the slab roller compactor test specimen was 
cut into three parts. In Figure 6 – 8 shows the value of a void, a value VIM, VMA, 
 and VFWA at the top, middle, and  bottom there each blow as follows: 
 
Figure 6. Section variation relationship with VIM 
 
Figure 7. Section variation relationship with VMA 
 
Figure 8. Section variation relationship with VFWA 
3.4 Analysis of Aggregate Orientation 
In the research orientation of the test object to be cut horizontally and vertically to 
see the change in the position of laying of synthetic stone before and after 
solidified. To determine the movement of synthetic stone used coordinate point 
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(x,y,z) for ease in reading. The observation of the orientation of the aggregate of the 
test specimen 1 and specimen 2 can be seen in Table 15and16as follows : 
3.4.1 Horizontally Aggregate Orientation Compacted Roller Slab  
Table 19. The observation of specimen orientation RAP aggregate sample 1 
No. 
Number of First Coordinates End Coordinates 
Roll Top Middle Bottom Top Middle Bottom 
1 15 0;0 0;0 0;0 2;1,5 1;2 1;-0,5 
2 30 0;0 0;0 0;0 2,5;-2 -1,5;-2 0,5;-1 
3 45 0;0 0;0 0;0 -3,5;-2,5 2,5;2,7    -1;-1 
Table 20. The observation of specimen orientation RAP aggregate sample 2 
No. 
Number of First Coordinates End Coordinates 
Roll Top Middle Bottom Top Middle Bottom 
1 15 0;0 0;0 0;0 -1;2 1;1,5 -1;-1 
2 30 0;0 0;0 0;0 2;2,5 2;-1 0,5;-1,5 
3 45 0;0 0;0 0;0 3,5;1 -1,5;2,5    1,5;-1 
 
There was a shift in synthetic stone due at time of mixture given more capacity on a 
baking sheet in order after high compacted specimen as desired. Therefore, at the 
top of the stimulus occurs horizontally due to the leveling process by the steel 
wheels. Thus laying synthetic stone at the beginning and at the end located far 
apart. 
3.4.2 Vertical Aggregate Orientation Compacted Roller Slab 
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3.4.3  Aggregate Orientation Compacted Marshall Hammer 
Same with a slab roller compactor test object oriented research will be cut 
horizontally and vertically to see the change in the position of laying of synthetic 
stone before and after solidified. To determine the movement of synthetic stone 
used point coordinates (x, y, z) for ease in reading. The observation of the 
orientation of the aggregate of the test specimen 1 and specimen 2 can be seen in 
Table 23 and 24 bellow: 
Table 23. The observation of specimen orientation RAP aggregate sample 1 
No. 
Number of First Coordinates End Coordinates 
Roll Top Middle Bottom Top Middle Bottom 
1 2x25     1;-0,2 1,9;-0,8 2;1 1,2;-0,5 2,3;-1 2,2;1 
2 2x50 1,5;2 1,9;0,2 -2,2;,3 0,5;2,0 2,8;0,2 -2,5;2 
3 2x75 -1,5;0,5 -2;0,2 1,8;0,3 -2,1;0,5 -2,7;-0,5 1,8;2,5 
Table 24.The observation of specimen orientation RAP aggregate sample 2 
No. 
Number of First Coordinates End Coordinates 
Roll Top Middle Bottom Top Middle Bottom 
1 2x25 -2;2 1,2;1 -2;-1 -2,5;2,6 1,8;1 -2;-2,3 
2 2x50 1;-2 -1,5;-0,5 1,8;-0,3 1,5;-3 -2,8;-0,2 2,9;-0,1 
3 2x75 -2,8;0 2;0,2 -2,4;0,5 -2,2;-1 3,2;0,5    -3,5;0,2 
Here are the results of research RAP mix of horizontal pieces, can be seen in Table 
15 below: 











Top 0.4 0.7 0.5 
Middle 0.4 0.6 0.5 
Buttom 0.2 1.3 0.8 
2x50 
Top 1.0 1.1 1.1 
Middle  0.9 1.3 1.1 
Buttom 1.7 1.1 1.4 
2x75 
Top 0.6 1.1 0.9 
Middle  0.8 1.2 1.0 
Buttom 2.2 1.1 1.7 
Total (cm) 
Top 2x25, 2x50, 2x75 2.0 2.9 2.4 
Mddle 2x25, 2x50, 2x75 2.1 3.1 2.6 
Buttom 2x25, 2x50, 2x75 4.1 3.5 3.8 
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From the above table of the two samples of each layer and the collision obtained 
moving average stone agent in a mixture of RAP piece moves horizontally on the 
bottom layer and the top layer of the most dynamic move most static. 
3.4.4 Vertical Aggregate Orientation Compacted Roller Slab 
Here are the results of research RAP mix of vertical pieces, can be seen in Table 26 
below: 
Table 26. Total distance movement of RAP mixture of vertical pieces 





3.5 Density Examination of Slab Roller and Marshall Hammer 
Density is the weight of the mixture on each unit volume. Factors that influence the 
density is graded aggregate and compaction processes that the temperature and the 
amount of blows. Here are the results of calculation of density values generated by 
testing the slab roller compactor and Marshall on the Table 27 and V. 28 : 
Table. 27. The results of specimen density values on the roller slab 











15 1177 588,7 5 
7,5 1,999 
30 1165 557,2 5 
7 2,090 
45 1185,5 545,5 5 
6,9 2,173 
Table V. 27. The results of specimen density values on the Marshall 











2x25 1177 613,5 5 
7,8 1,910 
2x50 1183,5 596,6 5 
7,6 2,984 
2x75 1188 580,9 5 
14,8 2,038 
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4. Conclusions and Recommendation 
4.1 Conclusions 
It can be concluded as follows : 
Compaction orientation aggregate use compactor slab roller stimulus occurs on 
the surface directly above it is because of the grinding wheels of steel which fell 
into the mix so encouraging synthetic stone was too far away from the initial site is 
placed. As for the distribution of the value of VIM smallest voids are in the top tier 
because when exposed to the grinding wheel so that the mixture can fill empty 
cavities. 
Compaction orientation aggregate use compactor Marshall hammer synthetic 
stones that are in the farthest position because the top layer of stone near a pestle 
that affects movement. As for the distribution void VIM smallest value is at the 
middle layer. 
The test results on the aggregate orientation roller compactor stone slab upper 
rollers move significant than Marshall. Marshall tool only decline because Marshall 
compactor working statically. 
The test results void distribution specimen intact slab roller compactor denser 
than Marshall compactor with a view presentations void distribution obtained by 
each tool. While testing the distribution of voids specimens are cut into 3, Marshall 
compactor is more homogeneous than in the compaction test specimen using a slab 
roller compactor. 
4.2 Recommendation 
The suggestions in this study are as follows: 
Need for more sophisticated tools to facilitate the process of knowing the 
movement of aggregate without having to cut the specimen. 
Researchers then expected to compare the existing slab roller compaction in the 
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